OnIly two varieties of Agaricus campestris, the commoin edible mushroom, are grown commercially in the United States. These are distinguished by their white and light brown color. In contrast, there are at least 75 varieties of mushrooms available or marketed in Euirope.
The art of cultivating muchrooms was a careftully guarded secret dating back to the 17th century. It was not until the beginning of the 20th century that the first scientific approach to mushroom cultivation appeared in the literature of this hemisphere. Duggar (1905) successfully grew A. campestris on a variety of substances such as casein and peptone for nitrogen sources, and cellulose as a carbon source. Waksman and McGrath (1931) (1948, (1950) (1951) , and Sugihara (1949, 1952) In view of its culinary attributes, the mass culture of mushroom mycelium with a rich mushroom flavor and aroma would find potential application in food processing and consumer usage, such as soups, salads, gravies, sauces, eggs, snacks, and so forth.
1IATERIALS AIND AIETHODS
Cultural Mlethods A. campestris straini NRRL 2334, obtailled from Benko (1957) , was maintained oni a stock culture medium of potato glucose agar slants, grown at 28 C for 5 days and stored cold.
Inoculum was produced in 50-ml Erlenmeyer flasks containing 10-ml aliquots of 5.0 per cent malt syrup and 0.2 per cent agar plus 50 ppm of yeast extract solids at pH 5.0 to 5.5. A portion of the aerial mycelium of the stock culture was removed with a needle and transferred to the inoculating medium. The flasks were placed either on an oscillating water-bath shaker with 1-in. stroke and 120 cpm, and incubated at 27 C; or placed on the Burrell' wrist-action shaker. Under these conditions good growth was obtained in 5 to 7 days.
The mycelium was transferred aseptically into a micro-Waring Blendor cup containing 90 ml of sterile distilled water and macerated for 30 sec at high speed. One ml of this suspension contained from 4 to 6 mg dry mycelium solids.
The cultures were grown in 500-ml Erlenmeyer flasks containing 150 ml of medium shaken at 120 cpm on the oscillating water bath shaker set with ]-in. stroke and incubated at 27 C for 7 days unless specified. Under these conditions the sulfite value was found to be 13 mM/02/L/hr. The media used in the different experiments are given in the text and the appropriate table.
Final observations were made onl scaled-up shaker fermentation experiments in a 1-gallon closed type New Brunswick2 impeller fermentor. The working level of the liquid was adjusted to 2 L and the impeller speed set at 400 rpm. The air flow rate was adjusted to give 13 M/02/L/hr.
Analytical M1ethods
Reducing sugars were determined by the LaneEynone (1923a, b; 1955) Flavor evaluation was based Upon1 the consenssus opinlion of a panel of tasters given the cold and boiled-iniwater mycelium, with the raw and boiled shed-grown mushrooms serving as reference.
RESULTS AmI) DISCUSSION
Growth response of A. campestris on cane mnolasses medium. In preliminary experiments using the chemiically defined medium of Humfeld (1952) , the mycelitumii grew vigorously in a conijugated gelatinous mass of white mycelium which was flavorless and odorless, either in its fresh state or after heating to a boil. Simillar results were obtained when it was grown in large vessels. It was noticed that a 4-to 3-day lag period existe(d before sponitaneous growth of the organism took place; this resulted in an extended incubation period. The lack of the typical mushroom flavor and odor may be attributed to experimenital coniditions different from those used by Humfeld and Sugihara (1952), or to lack of certain metabolites.
Consequently, the search was directed toward natutral culture materials. For practical purposes, canie molasses was the first to be tried. However, the recovered mycelium was slightly tan and lacked the typical mushroom flavor and aroma.
Effect of yeast extract solids on the flavor developnment. Cane molasses media with a reducing sugar concentration of 3.63 g per flask were supplemented with 0.2 to 0.4 per cent yeast extract, solids. The results, Preliminary fermentation tests gave excellent growth response and flavor development. The recovered fresh mycelium had the musty odor typical of the, fresh, shed-grown mushrooms. This odor disappeared upon heating the mycelium (100 C) and was replaced by a sweet aromatic one, similar to that produced in cooked commercial mushrooms.
Effect of sugar concentration on rate of growth. It has always been observed during this investigation that a long and undesirable lag period occurred whenever a medium containing 5 per cent sugar was used, which is contrary to the recommendations of Humfeld (1952) . This extended delay was accompanied by poor performance as reflected in the poor sugar and nitrogen utilization rate, and low yields. Foster (1949) points out that all fungi have optimum sugar concentrations which, through osmotic effects or specific enzyme effects, are most favorable for consumption of the sugar.
In determining this effect for A. campestris, the basal malt sprout extract medium was supplemented with 0.1 per cent yeast extract solids, and the glucose concentration ranged from 1.0 to 2.5 per cent. Evidence of growth appeared in all the flasks after 36 hr and the results, table 3, revealed maximum performance in the presence of 2.0 per cent sugar, as shown by the highest sugar and nitrogen utilization, 46 and 26.6 per cent, respectively, and the greatest dry matter yield (25.2 per cent on sugar). All four samples of mycelia had the characteristic mushroom flavor and aroma either in the cold or boiled state. It was also observed that the intensity of the flavor was proportional to the initial sugar content of the media and to the metabolic activity of the organism.
Effect of nitrogen on the metabolic efficiency of A. cose to nitrogen ratio of 20: 1 to 30: 1 for effective reduction of the lag period, maximum sugar consumption, and greatest yield.
Under these optimum growth conditions, the recovered mycelium had the best fresh or boiled mushroom flavor and aroma.
Effect of pH. The results obtained in a malt sprout extract basal medium, table 5, show almost identical mycelial growth at both pH levels, indicating that the fungus can grow well over a wide range of pH. This effect is clearly demonstrated at both pH levels tested. The sugar content of the medium was raised from 2.0 to 5.0 per cent with 1.0 per cent increment increases and the sugar to nitrogen ratio was raised from 28: 1 to 62:1. The yield, calculated on sugar basis, followed an inverse relationship to the carbohydrate to nitrogen ratio.
It is also evident that the sugar content and the initial pH had little effect on the final pH, since the fermentation was buffered at approximately 4.45.
Optimum growth was achieved by A. campestris in media containing between 2.0 and 3.0 per cent or 2.3 per cent glucose. On this basis the theoretical yield would range from 46.0 to 51.0 per cent.
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SUMMARY
Agaricus campestris strain NRRL 2334, grown in submerged culture, developed maximum flavor and aroma in the mycelium in a medium containing malt syrup and a trace of yeast extract solids. The same flavor improvement was obtained when extracts of malt sprouts replaced malt syrup. Cane molasses was a poor medium for growth and development of the typical mushroom flavor in the mycelium.
The carbohydrate to nitrogen balance of the medium was a major factor in fermentation efficiency. To shorten the lag period and induce spontaneous growth, this balance was found to fall between 20:1 and 30:1, and the optimum glucose content was found to be 2.3 per cent.
The initial pH of the medium was not critical to mycelium development. Growth began equally well at pH 5.0 or at pH 7.0.
Mushroom flavor and aroma typical of the fresh commercial products appeared in the growing mycelium on the 5th day of growth in a malt sprout extract basal medium at pH 5.4. The sugar and nitrogen content of the medium was 2.0 per cent and 133.0 mg per flask, respectively.
